Objective: The findings of genetic, imaging and neuropsychological studies of attention-deficit hyperactivity disorder (ADHD) are mixed. To understand why this might be the case we use both dimensional and categorical symptom measurement to provide alternate and detailed perspectives of symptom expression. Method: Interviewers collected ADHD, conduct problems (CP) and sociodemographic data from 3793 twins and their siblings aged 22 to 49 (M = 32.6). We estimate linear weighting of symptoms across ADHD and CP items. Latent class analyses and regression describe associations between measured variables, environmental risk factors and subsequent disadvantage. Additionally, the clinical relevance of each class was estimated. Results: Five classes were found for women and men; few symptoms, hyperactive-impulsive, CP, inattentive, combined symptoms with CP. Women within the inattentive class reported more symptoms and reduced emotional health when compared to men and to women within other latent classes. Women and men with combined ADHD symptoms reported comorbid conduct problems but those with either inattention or hyperactivity-impulsivity only did not. Conclusion: The dual perspective of dimensional and categorical measurement of ADHD provides important detail about symptom variation across sex and with environmental covariates. (J. of Att. Dis. 2016; 20(11) [934][935][936][937][938][939][940][941][942][943][944][945] 
Introduction
ADHD is a behavioral disorder that typically manifests during early childhood and continues into adulthood in approximately 50% of cases (Ebejer et al., 2012; Mannuzza, Klein, & Moulton, 2003) . The three subtypes of ADHD-inattention, hyperactivity-impulsivity, and combined inattentive and hyperactive-impulsive symptoms-are the core behavioral features of this disorder. For a diagnosis, at least six symptoms of inattention and/or hyperactivity-impulsivity must be present for a 6-month period to a degree that is developmentally inappropriate. However, we and others (Das, Cherbuin, Butterworth, Anstey, & Easteal, 2012; Ebejer et al., 2012) have previously found that more than half the adults within community-based samples reporting that ADHD symptoms caused problems in their lives did not meet these diagnostic criteria. These adults have reported disadvantage across several life domains.
Heterogeneity in ADHD
Another of the characteristic features of ADHD is the heterogeneity in imaging and genetic studies examining the inattentive, hyperactive-impulsive, and combined subtypes (Banaschewski, Becker, Scherag, Franke, & Coghill, 2010; Castellanos et al., 2005; Nikolas & Nigg, 2013) . These three subtypes are our primary means of measuring ADHD and do not appear to provide a uniform construct across research methodologies. Linear statistical methods have indicated that separately, the nine inattentive and nine hyperactive-impulsive symptoms represent the most highly correlated clusters of symptoms and together account for approximately half of the variation we see in symptoms. Additional variation is evident in the expression and prevalence of symptoms across sex (Biederman et al., 2008; Rucklidge, 2010) , with environmental adversity (Buschgens et al., 1996; Li & Lee, 2012) and comorbid conduct problems (Christiansen et al., 2008; Nikolas & Nigg, 2013) . 
Benefits of Latent Class Analysis
Latent class analysis is a statistical method based on categories rather than linear dimensions and allocates ADHD class membership according to the probability with which people report a symptom, conditioned on their previous responses. This technique removes the need to impose a diagnostic threshold on the variation of ADHD-related behaviors within a population and allows for varied combinations of inattentive and hyperactive-impulsive symptoms. Previous studies using latent class analysis to describe variation in ADHD symptoms for children and adolescents have indicated classes are replicable across these samples (Neuman et al., 1999) , with adult informants (Althoff et al., 2006) , they are heritable (Neuman et al., 1999; Todd et al., 2001) and have identified groups of people reporting symptoms who do not meet diagnostic criteria for inattentive and hyperactive-impulsive subtypes.
Present Study
Previous studies have used latent class and factor analysis to characterize the dimensionality of ADHD symptoms (Ranby et al., 2012) . We use these methodologies in an exploratory way to further define ADHD symptoms variation and possibly account for heterogeneity in the results of genetic, structural, and functional imaging studies of people reporting ADHD symptoms. We include ADHD symptoms and symptoms of conduct disorder also reported by these participants within sex-specific latent class analyses to identify behaviors that most often occur together and may vary with sex. Childhood risk factors are modeled as covariates in a latent class regression to measure their association with identified latent classes due to the association between ADHD symptoms and childhood adversity (Biederman, Faraone, & Monuteaux, 2002; Buschgens et al., 1996) . We include health factors as an outcome measure for the disadvantage associated with latent classes. The magnitude of genetic effects on latent class membership is estimated using monozygotic (MZ) and dizygotic (DZ) twin concordance rates, and we estimate the clinical relevance of latent classes by cross-tabulating these with diagnosed cases of ADHD.
Method

Participants
Participants were recruited through the Australian Twin Registry (ATR), established to collect data from twins and their families for medical research. For this study, MZ and DZ twins born between 1972 and 1979 were approached by mail with a request for their involvement in a project examining the genetics of cannabis use and mental health. Willing twins returned their consent and agreement to possible contact with additional family members. The family participation rate was 63.7%, and the final sample included 702 female, 290 male, and 225 opposite sex twin pairs, 486 siblings of these twins, and 873 unpaired twins-in total 1,368 men and 2,425 women. The mean age was 32.6 years (SD = 3.3, range = 22-46). Ethics approval was provided by the Queensland Institute of Medical Research Human Research Ethics Committee, ATR ethics, and Washington University School of Medicine Human Research Protection Office. All participants gave informed consent to study participation.
Interview Procedures
Once a twin initiated contact with the ATR, he or she was contacted by an interviewer within approximately 10 days to arrange an interview time. A response booklet for the computer-assisted telephone interview (CATI) and guidance for completion of the online Health and Lifestyle Personality Questionnaire (HLPQ) were then sent with a request that the HLPQ be completed prior to the interview. During the interview, respondents were referred to the response booklet when providing their answer to each item. All interviews were recorded and reviewed by editors to ensure consistency across interviewers and the duration of the study.
Measures
The CATI was structured to collect self-reported sociodemographic variables: family environment during childhood, school grades, educational attainment, emotional and physical well-being, marital status, income level, employment, sexual assault prior to 18 years of age, and data relevant to psychiatric classification. The psychiatric classifications in the CATI were items from the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA; Bucholz, Cadoret, Cloninger, & Dinwiddie, 1994) APA, 1994 APA, , 2000 . Within this measure, 34 items addressed ADHD diagnostic criteria and 109 were specific to conduct problems. The HLPQ included 18 items addressing personal and family circumstances, 24 items adapted from the SSAGA addressing inattention and impulsivity, 74 items from the NEO Personality Inventory-Revised (Costa & McCrae, 1992) , and health-related items addressing past and current physical and psychological well-being. All variables within our analyses came from the CATI.
ADHD. We used DSM-IV diagnostic criteria to identify inattention: (1) makes careless mistakes, (2) difficulty sustaining attention, (3) does not seem to listen, (4) does not follow through on instructions, (5) difficulty organizing, (6) avoids sustained mental effort, (7) loses things necessary for tasks, (8) distracted by extraneous stimuli, (9) forgetful in daily tasks; hyperactivity: (1) often fidgets, (2) often leaves seat, (3) inappropriately restless, (4) difficulty remaining quiet, (5) often on the go, (6) talks excessively; and impulsivity: (1) blurts out answers, (2) difficulty awaiting turn, (3) intrudes on others. A positive symptom was recorded by interviewers if the participants reported they experienced this behavior more often than others their age and each response provided the information needed for latent class assignment. A diagnosis of ADHD required (a) six of nine possible inattentive and/or hyperactive-impulsive symptoms experienced over a 6-month period; (c) symptoms were experienced in two functional domainshome and school for childhood retrospective report and work for the report of continuing symptoms, or home and socializing, or school/work and socializing; (d) the problems reported resulted from ADHD symptoms; and (e) participants did not report a previous diagnosis of autism or Asperger's syndrome. The age of onset criterion (b) was not enforced.
Conduct problems. DSM-IV diagnostic criteria were used to diagnose conduct disorder. Aggression to people and animals: (1) bullies, (2) initiates fights, (3) has used a weapon, (4) been cruel to people, (5) been cruel to animals, (6) stolen while confronting, (7) forced sexual activity; destruction of property: (8) arson, (9) destroyed others' property; deceitfulness or theft: (10) broken into another's house or car, (11) cons others, (12) stolen nontrivial items; serious violations of rules: (13) stayed out at night, (14) has run away, and (15) truanted. Symptoms were recorded by interviewers if participants reported that they occurred more than once or often and prior to the age of 18. A diagnosis of conduct disorder was given if (a) three symptoms had been present within a 12-month period and (b) symptoms resulted in difficulties socially, academically, or for employment. Antisocial personality disorder was not differentiated from conduct disorder within this study because they are both clinically relevant conditions.
Childhood risk variables.
Childhood risk factors were retrospectively reported for ages 6 to 13 and coded as follows: socioeconomic status 1 < average and 2 ≥ average; raised by both parents, 1 = no, 2 = yes; conflict with parents, 1 = no or rarely, 2 = sometimes or often; parental arguing and parental tension, 1 = none or rarely, 2 = sometimes or often; consistent parental rules, 1 = no, 2 = yes; parental drinking, 1 = no or rarely, 2 = sometimes or often; and experiencing a childhood sexual assault, 1 = no, 2 = once or more.
Health-related variables. For health-related factors, days ill (M = 7.3, SD = 23.0) was coded as 1 for < 30 days ill per year, and 2 for ≥ 30 days ill each year; physical and emotional health were represented as follows: 1 = poor, and 2 ≥ average; having close friends, 1 = no, 2 = yes; marital status, 1 = divorced, separated, or unmarried, and 2 = married or widowed. The experience of problem drinking was coded as 1 = no, 2 = yes.
Analyses
Principal Components Analysis
Principal components of the ADHD and conduct disorder items were calculated separately for sex using the psych package in R (Revelle, 2011) with polychoric correlations. This was to confirm that the structure of the ADHD scale corresponded with the known structure of the inattentive and hyperactive-impulsive subtypes. Principal component scores also provided linear inattentive and hyperactive-impulsive dimensions with which to compare participants' latent class membership. A correction was needed to run this analysis; the cross-tabulation of two items on the conduct disorder scale-(6) stolen while confronting and (7) forced sexual activity-resulted in a zero cell frequency so .5 was added to these contingency tables (Brown & Benedetti, 1977) representing an unbiased approximation of expected values based on the real limits of a number.
Latent Class Analysis
Latent class models were run using the R package for polytomous variables (poLCA; Linzer & Lewis, 2007) and Latent Gold 4.5 (Vermunt & Magidson, 2005) . Five latent class models with consecutively increasing class number were run to find the best fit to the data separately for women and men. Model selection was guided by Akaike's information criterion (AIC) and the Bayesian information criterion (BIC), with AIC = (2 × parameters) -(2 × log [model likelihood]) representing a trade-off between model complexity and accuracy. BIC is quite similar but incorporates sample size into the estimation of model fit, −2 × log (model likelihood) + parameters × log (n), and begins to increase after the most parsimonious model has been found.
The two symptoms of conduct disorder with zero probabilities of being reported were removed from these analyses (forced sex and stolen during confrontation). Family membership was included as a covariate in all models to account for the relatedness of participants and manifest variables were coded as nominal. The childhood risk variables were entered as covariates into a latent class regression model and allowed to interact with latent classes to increase the accuracy of classification and to estimate the effect of the covariate on class membership. Again we entered a covariate at the group level to control for participant relatedness.
Odds Ratio (OR) Indicating Concordance of MZ and DZ Twin Class Membership
An OR was used to represent the proportion of MZ twins in the same latent class in comparison with DZ twins within the same class (OR = MZ same /MZ different /DZ same /DZ different ). This measure indicates the approximate effect genes have on ADHD latent class membership; MZ twins share 100% of their genes and DZ twins share approximately 50% (Neale & Maes, 1999) . If MZ twins within a pair are more often in the same latent class than DZ twins within a pair, genes are influential in the expression of symptoms. The difference in the MZ and DZ within-pair class concordance rates can also indicate the relative influence of environmental experience on symptom expression. An OR of 2 indicates the theoretical OR of MZ to DZ twin concordance based on additive genetic inheritance. An OR of > 2 provides an indication of the degree of variation due to nonadditive genetic effects or rater contrast, a value of < 2 indicates the degree to which environment has an increasing influence on symptom variation.
Results
Principal Components of the ADHD and Conduct Disorder Items
Principal components analysis of the ADHD and conduct disorder items was run separately for women and men using orthogonal rotation. Within the data provided by women, five components with eigenvalues greater than 1 explained 66% of the variation. Of these five, the first three represented inattention, conduct problems, and hyperactiveimpulsivity, each explaining approximately 20% of variation in symptoms. Loadings onto the additional two components explained 6% of the variance but no additional information, so analysis results of three components are presented.
A similar pattern was identified for men: six components explained 66% of the variance, and loadings onto the first three components corresponded to inattention, conduct problems, and hyperactive-impulsivity; analyses presented include these three components-each explaining approximately 20% of symptom variation. The additional three components did not explain item response to a greater degree and were excluded.
Latent Class Structure of ADHD and Conduct Disorder Symptoms by Sex
The best latent class model indicated symptoms of ADHD and conduct disorder for women (n = 2,425) and men (n = 1,368) separately was best represented within five latent classes; fit statistics for each model are presented in Table 1 . Figure 1 illustrates the proportion of women and men within each latent class separately reporting each ADHD and conduct disorder item. The number of women and men within each latent class did not significantly differ, χ 2 (4) = 8.91, p = .06: (a) a few symptoms class for 65.3% and 65.4% of the women and men, respectively, (b) a hyperactive-impulsive class including 10.4% women and 7.5% of the men, (c) a conduct problems class for 11.6% of the women and 9.5% of the men, (d) an inattentive class for 9.4% women and 13.8% of the men, and (e) a combined symptoms-CP class representing 3.1% and 3.8% of the women and men, respectively.
Next we present the mean ADHD symptom count and then the average number of conduct problems across latent classes for women and men using Student's two-sample t test to indicate the significance of difference in these values. This parametric test was used due to the linearity and range of symptom count. There was variation in the pattern of item endorsement across sex. Within the few symptoms class, the mean ADHD symptom count was 0.2 (SD = 0.4) for women and 0.3 (SD = 0.6) for men, t(2479) = −7.81, p < .001; the hyperactive-impulsive class 3.5 (SD = 1.6) and 5.3 (SD = 2.1) symptoms for women and men, respectively, t(352) = −7.39, p < .001. Within the conduct problems class, average counts of ADHD symptoms were 0.4 and 1.8 for women and men, respectively (SD = 0.7 and 1.6, respectively), t(411) = −9.37, p < .001; counts with the inattentive class for women were 4.3 (SD = 2.1) and 3.8 (SD = 1.8) for men, t(415) = 2.67, p = .01. Within the combined symptoms plus CP class, these were 10.3 (SD = 2.8) and 11.2 symptoms (SD = 2.8) for women and men, respectively, t(126) = −1.93, p = .06.
The average number of conduct problems across latent classes were as follows; few symptoms class, 0.3 (SD = 0.5) for women and 1.8 (SD = 0.9) for men, t(2479) = −15.54, p < .001; within the hyperactive-impulsive class, these were 0.7 (SD = 0.9) and 3.2 (SD = 1.8) for women and men, respectively, t(352) = −8.05, p < .001; the conduct problems class had 2.7 (SD = 1.1) for women and 6.1 (SD = 1.6) for men, t(411) = −15.21, p < .001. Within the inattentive class, average counts were 2.2 (SD = 1.2) for women and 1.9 (SD = 1.0) for men, t(415) = 2.19, p = .04), and within the combined symptoms plus CP class, women had on average 3.3 (SD = 2.5) symptoms of conduct problems and men had 5.3 (SD = 2.9), t(126) = −2.13, p = .04. The average number of conduct problems was higher for men in all classes except the inattentive. Women in the inattentive class Note. X-axis labels represent the 9 inattentive, 6 hyperactive, 3 impulsive, and 13 conduct disorder items included in analyses.
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Clinical Relevance of Latent Classes
OR Indicating Twin Concordance for Latent Classes and DSM-IV Diagnoses of ADHD
There were significantly more MZ than DZ twin-pairs within the none/few symptoms, hyperactive-impulsive, and conduct problems latent classes. The concordance of class membership for MZ twins was not significantly greater than that of DZ twins within the two most clinically relevant classes (inattention and combined symptoms with conduct problems). ORs and the significant variation across zygosity for class membership are presented in Table 4 . There were no concordant twin pairs within any DSM-IV diagnosed subtypes of ADHD or age-specific cases of conduct disorder. 
Latent Class Regression Onto Childhood Risk Factors
The regression of latent classes onto childhood risk variables indicated that participants reporting fewer symptoms experienced more consistent rules during childhood and less conflict with their parents, and were less likely to have been sexually assaulted (see Table 5 ). Both men and women with inattentive symptoms were more likely to have been raised by both parents and to have experienced tension between their parents within their family homes. Women and men with combined symptoms more often reported experiencing a sexual assault and women in this class also indicated more often that they were less likely to have been raised by both parents.
Latent Class Regression Onto Health Variables
Participants reporting good health outcomes more often fell into the few symptoms latent class relative to participants falling into the symptomatic classes-they were less likely to report an alcohol problem and more likely to be married. Women within the few symptoms class more often reported having close friends and fewer days ill each year. Men reporting an alcohol problem more often fell into the conduct problems class, and women reporting an alcohol problem were more likely to be in the inattentive or combined symptoms latent classes. Again the inattentive class for women appeared to be associated with poorer outcomes than it was for men; these results are presented in Table 6 . Note. pc1 = hyperactive-impulsivity; pc2 = conduct problems; pc3 = inattention. Note. MZ = monozygotic; DZ = dizygotic; Hyp-Imp = hyperactive-impulsivity. Only complete pairs of MZ and DZ, same and opposite sex twins were included in analyses. There was no MZ or DZ concordance for DSM-IV inattention hyperactive-impulsivity or combined symptoms. *p ≤ .05. **p ≤ .01. ***p ≤ .001. 11.0 (4.7) 12.6 (6.4) 11.3 (5.0) 7.8 (3.5) 8.5 (3.7)
Note. DSM-IV = Diagnostic and Statistical Manual of Mental Disorders (4th ed.); CD = conduct disorder; CP = conduct problems; Hyp-Imp = hyperactiveimpulsivity. The ADHD categorizations are not mutually exclusive but include all individuals who meet the criteria listed irrespective of whether they have been included in a previous category, and diagnoses represent lifetime prevalence. The subthreshold category includes people with no or few symptoms. 
Discussion
We use latent class analysis, regression, and principal components analysis to characterize ADHD symptoms across sex, with environmental exposure, in relation to specific outcomes and diagnosed cases of ADHD. We were also able to estimate the relative influence of genetic effects on variation across latent class membership. In addition to a lowsymptom endorsement class, we found four symptomatic classes: hyperactive-impulsivity, conduct problems, inattentive, and combined symptoms plus conduct problems. There were significant sex interactions evident in the relationship between ADHD and conduct problems, and childhood sexual assault, exposure to parental arguing, and being raised by one parent only, suggesting etiological variation in ADHD. Women within the inattentive class experienced greater disadvantage and more conduct problems than men in the same class; both women and men reporting a childhood sexual assault or being raised by one parent were more often found within the combined ADHD plus conduct problems latent class. The combined symptoms class represented approximately the same level of symptom expression for women and men in contrast to the other three symptomatic classes.
To compare our results, one previous study has examined the latent structure of ADHD and conduct problems in adults within a sample selected for an ADHD proband (Acosta et al., 2008) . The classes Acosta and colleagues found appeared to represent clusters of combined symptoms that varied only in severity in contrast to the apparent qualitative variation we found. An earlier study of ADHD latent classes without conduct problems and within a community-based sample of adolescents and young adults found that hyperactive-impulsivity formed a distinct subclass while combined symptoms and inattentive symptoms clustered together (Todd et al., 2001) . We found that for women, this seemed to be the case, but not for men. The variation of ascertainment across these studies is likely to account for variation in latent classes.
Studies of ADHD often include a high proportion of cases with combined symptoms but within our communitybased sample, there were more participants with diagnosable inattention and hyperactive-impulsivity than combined symptoms, and the combined symptoms latent class appeared categorically distinct from the other classes. So what is sometimes described as characteristic of ADHD in relation to combined symptoms may represent an etiologically distinct subtype as has previously been suggested for combined ADHD with and without conduct problems (Anney et al., 2008; Hinney et al., 2011; Mick et al., 2011) . The age of ADHD symptom onset for males was significantly lower than for females reporting similar symptoms when conduct symptoms were also present. This does not provide direct support for an etiological variation with comorbid conduct problems, but it does indicate interesting sex differences that may need to be accounted for in ADHD research.
The primacy of either ADHD symptoms or conduct problems and the environmental conditions to which a person has been exposed could implicate the pathways involved in symptom expression. In a previous latent class analysis of ADHD in children including candidate genes as covariates, girls with the 10/10 DAT1 allele who had been exposed to environmental adversity were more often found in a severe combined symptoms latent class (Li & Lee, 2012) . This effect may extend into adulthood for women and deserves further study. Symptom variation could also be related to the number of stressors perceived in the environment (Biederman et al., 2002) , and an environmental effect is suggested by the relative similarity of twin concordance within the inattentive and combined latent classes.
Our comparison of ADHD latent classes with the principal components clarified greater variance in male scores. It also indicated that men within the conduct problems latent class reported relatively higher levels of inattention than women. Within our sample, we also found that the experience of a childhood sexual assault was associated with more symptoms of ADHD and conduct problems as previously been found (Biederman et al., 2012) . We found men in general were more likely to report deficits in motor inhibition but women within the inattentive class reported this more often than men. In addition, the women who reported that they were raised by both parents were considerable less likely to be in the severe combined symptoms latent classes, but this was not the case for men. However, there has been little work done to characterize ADHD symptoms in women due to the relatively low number of met criteria; this work provides important information about how and why symptoms might vary by sex.
One limitation of this study was the retrospective report of childhood risk variables, possibly introducing a memory bias into our analysis, and needs to be considered when interpreting the significance of our findings. In addition, latent class analyses were exploratory in this study, and class membership may vary to a degree with the order in which participant scale responses are entered into the analysis and with sample size. An additional limitation is suggested by the lack of concordance within MZ twin pairs for DSM-IV diagnoses of ADHD. ADHD is highly heritable and this result was surprising. The number of symptoms reported into adulthood appears to decline with age (Barkley & Murphy, 2006) but the disadvantage associated with symptoms does not (Das et al., 2012) . This developmental change in symptoms could account for the lack of twin concordance for the DSM-IV-defined subtypes. This result also highlights the need to reconceptualize the way we measure these symptoms across development.
There is similarity in the basic pattern of symptom expression for women and men evident in Figure 1 , but there also appear to be several pathways involved in the manifestation of symptoms given the variation in their expression across latent classes, with environmental covariates and sex, and evident in the variation of twin concordance across specific latent classes. The primacy of symptoms and the circumstances to which a person has been exposed could be diagnostic for the pathways involved. Therefore, focusing on how genetic vulnerability interacts with environments and manifests into adulthood is fundamental for an understanding of ADHD symptoms and their appropriate treatment. Twin studies indicating the relative contribution of genes and environments to latent class membership will provide information that can guide treatment development. Genetic association studies and methylation patterns associated with ADHD latent classes will provide important biological information about genetic and epigenetic effects underlying these symptoms.
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